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CONTROL OF TRACE ELEMENTS DURING THE

INCREASING DEVELOPMENT OF COAL FOR ENERGY
Bobby G. Wixson and Ernst Bolter
University of Missouri-Rolla
Rolla, Missouri
1.

INTRODUCTION

energy values, sulfur, ash and toxic trace element

The question of an energy crisis continues as

concentration dependent upon its type and geograph

many people in the United States have difficulty

ic location.

and become confused with what seems to be a con

The electric utilities are the major consumer of

tinuing excess of gasoline, oil products and

coal and used 403,249,000 tons in 1975 (2).

questionable reporting of price increases and

U. S. Bureau of Mines has projected a usage figure

profit margin by energy companies.

of approximately 1000 million short tons by 1985

However, the

The

majority of the scientific and engineering commu

with coal meeting the greatest portion of increased

nity, knowledgable politicians and the general

energy needs in the United States (1).

public realize that the energy crisis is real.

There are many environmental and health problems

Fortunately there still remains time to practice

associated with increased coal production.

conservation and the development of alternative

Mining

(underground and surface) problems are leaching,

and new sources of energy if the United States

watcr contamination and possible burning while

can unite and implement a viable energy plan.

transportation and open storage present other

On 29 April, 1977 President Carter presented a

problems.

National Energy Plan to the American people out

sents particular problems in the release of sulfur

The ultimate combustion of coal pre

lining the energy problems and possible solutions

dioxide along with various trace or fugitive ele

(1).

ments into the environment.

It is hopeful that the public will respond

positively to this challenge while the opportuni

2.

ty still exists for the selection of several vari

REGIONAL DISTRIBUTION OF TRACE ELEMENTS

ous options, rather than exhausting or being

Regionally the United States may be divided into

denied oil and natural gas energy sources without

three major coal producing regions:

the benefit of alternate fuels.

midwest; and western coal regions as illustrated

However, many

the eastern;

technical and social problems remain to be solved

in Figure 1.

The trace element content of these

before alternative or new energy sources are

coals is given in Table 1.

available for utilization.

By geographic distribution some of the more vola

The continuing energy crisis coupled with the pro

tile or potentially dangerous trace element con

posed United States energy policy, designed to

centrations of lead, zinc, and mercury are found

achieve independence from imported oil products,

to be highest in the Eastern Region.

has projected the increased utilization of coal

antimony, beryllium, cadmium, and selenium concen

which is our most abundant fossil fuel source.

trations are found to be elevated in the Western

The problems are that coal is known to be a rather

coals with the Appalachian region also containing

impure fuel source which varies with composition,

high beryllium concentrations.
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FIGURE 1. COAL FIELDS OF THE UNITED STATES
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tions of these elements are also found in the

A.

Particulate contributions in dust from
operations.

B.

Possibility of acid mine drainage or leach

Powder River Basin of the Northern Great Plains
or Western Region (Table 2).
TABLE 1.

ing through refuse piles associated with

TRACE ELEMENT CONTENT OF U.S.

mining.

COALS (3) IN PARTS PER MILLION (PPM)
C.

REGION
Element

Western

Beryl 1iurn
Boron
Ti tan iurn
Vanad iurn
Chromi urn
Cobalt
N ickel
Copper
Zinc
Gallium
German iurn
Molybdenum
Tin
Yttrium
Lanthanum

1.1
33
250
18
13
4.6
14
11
108
2.0
5.9
3.1
1.3
7.4
6.5

M idwe st
2.5
96
450
35
20
3-8
15
11
44
4.1
13
4.3
1.5
7-7
5-1

Air pollution by dust from refuse piles
or fires.

Eastern

I I. Preparation

2.5
25
340
21
13
5.1
14
15
7.6
4.9
5.8
3-5
0.4
14
9-4

The coal preparation may take several forms
during which many of the trace elements are re
moved.

One of the most popular concepts is

that it is more economical and environmentally
sound to remove trace elements, sulfur and
other products by washing rather than to rely
on precipitators or scrubbers during the com
bustion process (5).
Trace elements in coal preparation wastes have
been reviewed by Wewerka, Williams, Wanek and

TABLE 2.

Olsen (6 ) and the various coal-cleaning methods

DISTRIBUTION OF ENVIRONMENTALLY

are presented in Table 3.

HAZARDOUS TRACE ELEMENTS IN COAL (PPM) (4)

TABLE 3-

REGION
Element
Antimony
Arsen ic
Beryl 1iurn
Cadmi urn
Mercury
Lead
Selen iurn
Zinc

3.

Western

Midwest

3-5
16
2
20
0.13

1.3
14
1.8
2.3
0 .19
34
2.5
250

5.7

Washer
Type

Eastern
1.2
18
2.0
0.2
0.16
12
5.1
13

Jigs
Dense-Med iurn
processes
Concentrat ing
tables
Flotation
Pneumat ic
Classifiers
Launders

ENVIRONMENTAL CONTAMINATION FROM
TRACE ELEMENTS IN COAL

Problems associated with the development of coal

Fraction of coal cleaned by
equipment type (%)
1942

1952 “ 1962

.1972

47.0

42.8

50.2

43.6

8.8

13.8

25.2

31.4

2.2

1.6

—

—

11.7
1.5
6.9
2.1
2.2

13.7
4.4
4.0
1.0
1.0

14.2
7.4
13.1

8.2
8.5
5.2

Additional research remains to be done on

may be divided into the four main categories of

trace-element removal during the washing pro

mining, preparation, (washing), transportation,

cess since trace elements differ in their

and utilization (combustion, liquefaction, gassification, and others).

COAL CLEANING METHODS (6 )

susceptibility of removal by the density sep

Each of these categories

aration process.

may serve to either release or remove (control)
certain trace elements from coal.

Table 4 illustrates the trace elements removed

Various con

by the coal cleaning process.

cerns for each procedure are discussed below.
I.

Trace element

research by the Bituminous Coal Research Inc.

Mining

has indicated that coal cleaning represents a

Coal mining is considered as either surface

potential method for controlling many harmful

(strip) or underground mining.

constituents found in coal (7).

Both contri

bute to:

These find

ings also illustrate that one of the major

94

and control aspects of coal conversion (8) and
TABLE 4.

PERCENT OF TRACE ELEMENTS REMOVED

trace elements in coals and other fuels (9).

BY COAL CLEANING (7)

pacts of environmental pollution in energy

Arsenic
Lead
Manganese
Mercury
Selenium

21
28
16
23
9

67
53
53
64
61

67
63
76
68
55

59
37
58
44
39

15
8

39
3
19

0
0

2847 2856 2860 2881

K>
OO
OO

Coa 1 Samp 1e Number
CT\
CM

Trace
Element

Other groups have investigated the health im

15

11
16
24
4

10

2

39
19
9

development impacted communities (10).

2926 2928
45
34

Similar concerns for trace elements in Austra
lian bituminous coals has been reported by

18

20
29

Swaine (11).

Additional research is continu

ing throughout the world to understand these
problems and to develop more effective control

problems remaining is the treatment or proper

measures.

disposal of the wash water or residues remain

4.

ing from these processes containing a higher

SUMMARY

concentration of trace elements than was pre

The increasing development of coal resources to

sent in the feed coal.

meet our energy crisis has resulted in new environ

The residues are of

particular concern since some are landfilled

mental concerns, especially in the trace element

thereby increasing the potential hazard of

area.

leachates.

geochemical composition and concentrations of

More research is needed in this

area.

potentially hazardous trace elements associated
with the mining, processing, transport, and energy

III. Transport of Coal

conversion of coal.

Presently coal is transported by railroad,

the prevention, control or recovery of trace ele

Each of these methods lend them

ments that might otherwise present environmental

selves to potential environmental contamina

and health problems.

tion by blowing dust, leachates from rain or

5.

the disposal of excess water used in the
slurry process.

Such research will allow.for

the development of needed coal resources through

trucks, barges, conveyer belts and pipeline
slurries.

There is a need for more knowledge on the

Additional work is needed to
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